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Foulinga b s t r a c t
This work evaluated the microﬁltration process for the clariﬁcation of passion fruit juice. Moreover, the
inﬂuence of some pretreatments (centrifugation, enzymatic liquefaction and chitosan coagulation) before
passion fruit juice microﬁltration was analyzed. Enzymatic treatment reduced the juice viscosity, and
centrifugation step was important for colour and turbidity reductions. Chitosan addition was the most
promising pretreatment, since it provides the highest reductions of colour and turbidity, enabling the
highest permeate ﬂux in the microﬁltration process of pretreated passion fruit juice. The microﬁltration
process with hollow ﬁbre membranes resulted in a clean passion fruit juice, almost free of turbidity. The
applied pretreatment did not inﬂuence the characteristics of the obtained permeate. According to the
obtained results, the predominant fouling mechanism depends on the applied pretreatment. In centri-
fuged and enzymatic treated samples, cake formation was found to be the major fouling factor, while
internal pore blocking occurred during the ﬁltration of the chitosan pretreated sample.
 2013 Published by Elsevier Ltd.1. Introduction
Yellow passion fruit (Passiﬂora edulis var. ﬂavicarpa) is a tropical
fruit, recognized for its unique attractive ﬂavour. Its distinct aroma
makes passion fruit a desirable ingredient for many formulated
beverages and food products. Nevertheless, the ﬂavour of passion
fruit is extremely sensitive to change as a result of heat processing.
Conventional stabilization methods, such as thermal pasteuriza-
tion, induce to large losses of ﬂavour volatile compounds, and to
speciﬁc changes in aromatic compounds, even when short-dura-
tion procedures are applied (Vaillant et al., 1999; Yu and Chiang,
1986). Sensorial properties and nutritional compounds such as
vitamins of fresh juices can be degraded at temperatures higher
than 50 C (Cisse et al., 2005; Shaw et al., 2001; Vaillant et al.,
2001a). Beverage producers are looking for innovations, aiming
to obtain products based on natural fruits, richer in vitamins, min-
erals, sugar and antioxidants.
Some fruit juices present natural degrees of turbidity due the
presence of insoluble matter such as pectin, starch, cells from the
juice, among others. Depending on the application of the fruit juice,
a clariﬁcation process is required. Clariﬁed fruit juices are needed
for the production of sparkling clear beverages (soft drinks, clear
juice cocktails, natural aromatic waters, mineralized water,alcoholic beverages, cold teas with clear juice), candies (melting
products), pastries (natural essences, translucent fruit sauce),
uniformly juice fruit juice blends (cocktails, ice-creams, among
others), natural translucent jelly products (fruit jellies, gelatins,
among others) (Vaillant et al., 2001b). Brazil is the largest world’s
producer and consumer of passion fruit. These pieces of informa-
tion show that several market opportunities exist not only for pas-
sion fruit applications, but for many clariﬁed juices made from
fruits or vegetables with originally high juice content.
Conventional clariﬁcation processes usually involve some
sequential batch operated steps, such as enzymatic pretreatment,
clariﬁcation with bentonite, gelatin or diatomaceous earth and
pasteurization (Cheryan and Alvarez, 1995). Membrane processes
have been applied for the clariﬁcation and stabilization processes
of fruit juices (Carneiro et al., 2002; Cheryan and Alvarez, 1995;
Matta et al., 2004), since it provides a sterile product with high sen-
sorial quality.
Currently, produced inorganic membranes are usually in the
form of either ﬁnite sized tubes with diameters of at least several
millimetres or ﬂat discs and, consequently, have low surface
area/volume ratios. These low area/volume ratios compare unfa-
vourably with polymeric hollow ﬁbre modules where area/volume
ratios of several thousand are obtainable.
The applied pretreatment plays an important role for juice ﬁl-
tration. Low permeate ﬂuxes can be observed during juice ﬁltration
due to its relative high content of pectin, lignin and hemicellulose
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rences in pressure driven processes such as microﬁltration and
ultraﬁltration, pretreatments are usually used prior to the ﬁltra-
tion, aiming to decrease the content of macromolecules which
are able to be accumulated in the membrane surface. These pre-
treatments include mainly the application of pectolic enzymes
(Domingues et al., 2011; Jiraratananon and Chanachai, 1996; Vail-
lant et al., 2001b). Alternative materials, such as chitosan, were
also reported in the literature (Chatterjee et al., 2004; Domingues
et al., 2012; Oszmianski and Wojdylo, 2007).
Membrane fouling in cross-ﬂow membrane separation is a key
factor, affecting the economical and commercial viability of a
membrane process which essentially depends on the obtained per-
meate ﬂuxes (Cheryan and Alvarez, 1995; Fane and Fell, 1987; Or-
sello et al., 2006). A better comprehension of fouling occurrences
during juice ﬁltration can elucidate alternative ways to control
the ﬂux decline. There are many available mathematical models
in the open literature that describe the transport mechanisms
throughout porous membranes, although these contributions are
not completely satisfactory to identify accurately permeate ﬂux
nor the nature of fouling formation (Aliaa et al., 2010; de Bruijn
et al., 2002; Reis et al., 2009), since most of these models are
semi-empirical and require a large number of experimental data,
besides being able to be applied under certain restriction and nec-
essary correlations. Arnot et al. (2000) applied some models to the
experimental data of crossﬂow ultraﬁltrations of water–oil emul-
sions and reported that the model proposed by Field et al. (1995)
was the most accurate for predicting the permeate ﬂux behaviour.
Barros et al. (2002) investigated the fouling mechanism in pineap-
ple juice ultraﬁltration based on the mathematical model proposed
by Field et al. (1995). Similar analyses were carried out by Cassano
et al. (2008) for kiwi fruit juice ultraﬁltration. A recent re-examina-
tion of the model proposed by Field et al. (1995) better elucidated
the concept of critical ﬂux when complete pore blocking occurs
(Field and Wu, 2011).
This work proposes the application of different pretreatments
(centrifugation, enzymatic liquefaction and chitosan clariﬁcation)
for the microﬁltration of passion fruit juice, and the evaluation of
the inﬂuence of these pretreatments on the physical–chemical
characteristics of the obtained clariﬁed juice, as well as in the per-
meate ﬂux. Moreover, the mathematical model proposed by Field
et al. (1995) was applied in order to describe the obtained experi-
mental ﬂuxes, elucidating the major fouling occurrences.1 – Feed tank;
2 – Pump;
3 – Membrane Cartridge;
4, 5, 6 – Open/close valves;
7, 8 – Pressure adjustment valves;
9, 10 – Rotameters.
Fig. 1. Simpliﬁed scheme of the microﬁltration module.2. Materials and methods
2.1. Passion fruit juice
The passion fruit juice was purchased from a local juice industry
(Minas Gerais – Brazil). The juice was stored at 16 C and it was
defrosted to room temperature before its use. The passion fruit
juice was used in this work without any dilution.
2.2. Pretreatments in passion fruit juice
2.2.1. Centrifugation
Centrifugations of passion fruit juice samples were carried out
in a Beckman Coulter Avanti J-25 centrifuge. Samples were centri-
fuged for 5 min at two different centrifugal forces (6000 and
14,000 g). The supernatant was used for further procedures and
analyses.
2.2.2. Enzymatic treatment
Enzymatic treatment was conducted with the enzymatic com-
plex Pectinex 3 XL (Novozymes) in passion fruit juice samplesplaced in 250 mL conic ﬂasks at constant agitation and tempera-
ture for 90 min. Reaction temperature and enzyme concentration
were set at 44 C and 1 mL L1, respectively, as indicated in a pre-
vious study (Domingues et al., 2011). After enzymatic liquefaction,
samples were heated at 90 C for 5 min, in order to interrupt the
reaction.
2.2.3. Clariﬁcation with chitosan
Chitosan from shrimp shells was purchased by Sigma–Aldrich
(Iceland). A stock solution was prepared by hydrolysing shrimp
shell chitosan with a 5% v/v solution of acetic acid (Dinamica, Bra-
zil). Stock solutions at concentrations of 0.1, 0.05 and 0.01 kg L1 of
chitosan were evaluated in preliminary tests, but due to the high
viscosity of the ﬁrst two stock solutions, the mixing of the chitosan
solution with the passion fruit juice was not satisfactory since a
thick mass was formed in the centre of the sample inducing to
an unsatisfactory coagulation process. Thus, the concentration of
stock solution was chosen to be 0.01 kg L1.
The coagulation/ﬂocculation process of passion fruit juice with
chitosan was carried out in a Jar test apparatus at the optimized
conditions reported by Domingues et al. (2012). A previous mild
centrifugation of the samples at 6000 g was carried out. Samples
of 200 mL of centrifuged passion fruit juice were put in glass beak-
ers and chitosan solution was added for a concentration of
300 ppm of chitosan. Jar test parameters were set as follows:
150 rpm of fast agitation for 3 min and 50 rpm of slow agitation
for 12 min. Samples were decanted during 90 min.
2.2.4. Combination of pretreatments
A combination of centrifugation, enzymatic treatment and clar-
iﬁcation with chitosan as pretreatments for passion fruit juice was
carried out, resulting in different samples after each step, in a total
of 7 samples (S1–S7), as described below.
Passion fruit juice as received (S1) was treated by the enzymatic
treatment (S2) and by the centrifugation processes at 14,000 g (S3)
and 6000 g (S5). The samples S3 and S5 received a sequential enzy-
matic treatment (resulting in the samples S4 and S6). The sample
S5 was also sequentially treated by chitosan coagulation/ﬂoccula-
tion process, resulting in the sample S7. All these samples were
further microﬁltrated, resulting in a number of seven microﬁltrat-
ed samples.
2.3. Microﬁltration process
Microﬁltration experiments were made in a pilot-scale microﬁl-
tration module purchased by PAM (Brazil). A simpliﬁed scheme of
the microﬁltration system is shown in Fig 1. Hollow ﬁbre mem-
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and with a ﬁltration area of 0.056 m2 were used.
Experiments were carried out at room temperature, with 2.5 L
of the passion fruit sample in the feed tank. Transmembrane pres-
sure was adjusted to 1 bar and the microﬁltrations were carried
out until the permeation ﬂux remained almost constant.2.3.1. Membrane cleaning procedures
Permeate ﬂux of distilled water was measured at 1 bar of
transmembrane pressure at the beginning of each microﬁltra-
tion run. These values were taken as a reference to guarantee
membrane cleaning after the experiments with passion fruit
juice. The cleaning procedure was done by the following steps:
rinsing the external surface of the membranes with water;
recirculation of a 1% v/v NaOH solution for 60 min through
the external membrane surface; recirculation of a 5% v/v nitric
acid through the external membrane surface and ﬁnally recircu-
lation of a 1 ppm solution of pectinase from Aspergillus niger
(Sigma Aldrich) at 50 C for 60 min. After each step, permeate
ﬂux of distilled water was measured, and the procedure was
stopped if the permeate ﬂux was recovered at a minimum of
90%.2.4. Physico-chemical analysis
Passion fruit juice, before and after pretreatments and microﬁl-
tration processes, were analysed for turbidity, colour, total soluble
solids (TSS) and viscosity. Turbidity was measured with a Nova
Organica HD 114 turbidimeter (Brazil). Colour was measured as
absorbance at 540 nm in a Shimadzu UV mini 1240 spectrometer
(Japan), as suggested by Rai and De (2009). Total soluble solids
were measured with a Hanna Instruments HI 96801 refractometer
(USA), expressed as Brix. Viscosities were measured using a
Brookﬁeld LVDV-III digital rheometer (USA) at 25 C at a shear rate
value of 83 s1, since some samples presented non Newtonian
behaviour.2.5. Mathematical modelling
The mathematical model proposed by Field et al. (1995) was ap-
plied to describe the fouling mechanisms during the crossﬂow
microﬁltration of passion fruit juice. The characteristic equation
proposed by the model is described in Eq. (1).
 dJ
dt
¼ knðJ  JÞJ2n ð1Þ
where J is the steady-state ﬂux and kn is an adjusted parameter.
The parameter n is set according to the predominant fouling
mechanism: n = 0 for cake ﬁltration, n = 2 for complete pore
blocking; n = 1 for partial pore blocking and n = 1.5 for internal pore
blocking.
The Levenberg–Marquardt method was used to solve the non-
linear least squares curve-ﬁtting problem, applying an integration
step of 103 with precision of 108. The Levenberg–Marquardt
method was programmed in Fortran language, combining the
Gauss and the Steepest Descent methods (Press et al., 1996). The
sum of quadratic differences (the residual) between the experi-
mental ﬂux data and the ﬂux data computed with the Field model
was minimized, obtaining the best adjusted parameter (kn). This
procedure was carried out for each n value in the Field equation.
Thus, the best equation to describe the fouling occurrence will be
that with the lowest residual value, since this will be the best equa-
tion to describe the experimental data.3. Results and discussion
3.1. Comparison of pretreatments on passion fruit juice
Pretreated passion fruit samples were characterized by turbid-
ity, colour, viscosity and total soluble solids. Table 1 shows the
physico-chemical characterization results of the pretreated sam-
ples of passion fruit juice. The expressed values are average results
of triplicates followed by their respective standard deviations (in
brackets).
Data reported in Table 1 suggests that TSSwas not affected by the
applied pretreatments. Enzymatic treatment reduced the viscosity
of raw passion fruit pulp. If the pairs of samples S1/S2, S3/S4 and
S5/S6 are considered individually, it can be observed a signiﬁcant
reduction between the averages of the values of viscosity of these
samples (p values equal to 0.0108, 0.0059 and 0.00008, respec-
tively). Moreover, the combination of centrifugation and enzymatic
treatment did not affect viscosity result, as it can be observed by the
comparison between the pairs of samples S3/S5 (p = 0.2006) and S4/
S6 (p = 0.4714). However, the increase in the centrifugation speed
induced higher reductions of turbidity and colour.
A reduction in turbidity results was observed after the enzy-
matic treatment, but only when the enzymatic treatment was car-
ried out in the raw pulp, as can be observed comparing the pair of
samples S1/S2 (p = 0.0012). The enzymatic treatment did not affect
the colour of treated passion fruit juice. de Oliveira et al. (2012)
treated diluted passion fruit juice with the Pectinex Ultra SP-L en-
zyme at a lower concentration (0.3 mL/L) and reported values of
turbidity and colour similar to those achieved in this work.
The chitosan pretreatment was efﬁcient in the reduction of tur-
bidity, colour and viscosity, with 99%, 96% and 94% of reduction of
these parameters related to the values of turbidity, colour and vis-
cosity of raw passion fruit juice, respectively. These were the high-
est decreases for turbidity and colour, among the proposed
pretreatments.
Fig. 2 shows the percentage reductions in the evaluated phys-
ico-chemical parameters in comparison to the raw juice ones.
In an overview of the pretreatment effects, it is possible to con-
clude that the enzymatic treatment was efﬁcient on viscosity reduc-
tion and the centrifugation is necessary to separate suspended solids
from the passion fruit juice, which can be observed by turbidity and
colour reductions. The combined treatment of centrifugation at
14,000 g and enzyme addition (S4) was the most efﬁcient for viscos-
ity reduction. The action of enzymes on viscosity reduction of fruit
juices is widely reported in the scientiﬁc literature. ‘Aliaa et al.
(2010), Jiraratananon and Chanachai (1996) and Lee et al. (2006) re-
ported decreases in the viscosity of pitaya, passion fruit, and banana
juices, respectively, after enzymatic liquefaction.
According to the obtained results, the combination of a mild
centrifugation (6000 g) and chitosan treatment (S7) is a suitable
alternative for passion fruit juice pretreatment, since this treat-
ment was the most efﬁcient for turbidity and colour reductions,
besides reducing the viscosity of passion fruit juice. Moreover,
the addition of chitosan as a substitute of the enzymatic treat-
ment will probable represent a cost reduction in the passion
fruit processing, since chitosan is added to the juice in a small
concentration (300 ppm) and it is cheaper than pectolytic en-
zymes. Besides, chitosan treatment is carried out at room tem-
perature while the enzymatic treatment requires a temperature
of 60 C.
3.2. Effect of pretreatments on the permeate ﬂux during microﬁltration
process
Before microﬁltration tests with passion fruit juice, the perme-
ate ﬂux of the clean membrane was measured, in order to establish
Table 1


















S3 633 (22.12)c 12.23
(0.84)a
1.3076 (0.5142)b 3.71 (0.60)c
S4 672 (47.98)c 12.27
(0.81)a
1.4383 (0.2933)b 1.82 (0.14)d
S5 1054 (54.52)d 11.50
(0.53)a
2.7551 (0.1763)c 4.28 (0.24)c
S6 965 (42.50)d 11.83
(0.49)a
2.6540 (0.1426)c 1.90 (0.10)d
S7 28 (14.21)e 11.00
(1.74)a
0.1518 (0.0786)d 2.45 (0.12)e
Indexes ‘‘a’’, ‘‘b’’, ‘‘c’’, ‘‘d’’ and ‘‘e’’ represent signiﬁcance between treatments in an
analysis of variance (ANOVA) at p < 0.05. Same letters mean that samples did not
differ statistically and different ones mean that they differ at 95% of conﬁdence
level. The expressed values are average results of triplicates followed by their
respective standard deviations (in brackets).
Fig. 2. Reductions in physico-chemical parameters of raw passion fruit juice after
the applied pretreatments.
Fig. 3. Permeate ﬂux during microﬁltration at 1 bar of all the considered samples.
Fig. 4. Final ﬂuxes of all the considered samples in the microﬁltration process at
1 bar.
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served a value of 932.14 L h1 m2 for permeate ﬂux of distilled
water at 1 bar of transmembrane pressure. After experiments
and cleaning procedures, a ﬂux of 863.93 L h1 m2 (90% of the ﬂux
of the clean membrane) was adopted as acceptable for stopping
the cleaning process and initiate further microﬁltrations.
Microﬁltrations of the proposed samples were carried out at
transmembrane pressure of 1 bar. Fig. 3 shows the permeate ﬂux
behaviour during the microﬁltrations of all the considered
samples.
The achieved permeate ﬂuxes are probably related with the
physico-chemical characteristics of the sample to be ﬁltrated.
The samples S1 and S2 presented the lowest ﬂux values since they
presented relative high values of colour, turbidity and viscosity
(see Table 1).
The enzymatic treatment increased the permeate ﬂux of raw
juice. This can be associated with the viscosity reduction observed
in the sample S2. Echavarria et al. (2011), Rai and De (2009) and
Vaillant et al. (1999) also reported the positive effect of depectini-
zation on permeate ﬂux in membrane ﬁltration processes.
Although there are not signiﬁcant differences between colour
and turbidity values of the pair of samples S3/S4 and S5/S6, theaddition of the enzyme reduced signiﬁcantly the viscosity values
of the same pairs of samples. Thus, it could be expected that the
observed ﬂux of the sample S3 was greater than of the sample S4
and, at the same way, the ﬂux of the sample S5 would be greater
that the ﬂux of the sample S6. Moreover, greater rotations in the
centrifugation process enable greater turbidity, colour and viscos-
ity reductions. In this way, the observed ﬂux of the samples S3 and
S4 would be greater than of the samples S5 and S6. However, the
results presented in Fig. 3 show that the observed ﬂuxes for the
samples centrifuged and enzymatic treated are quite similar. Com-
paring these samples, the treatment by centrifugation at 14,000 g
plus the enzyme addition (S4) presented the highest permeate
ﬂuxes. However, as can be seen in Fig. 3 the treatment with chito-
san was the most promising to get higher ﬂuxes.
For a better overview, Fig. 4 shows the values of the ﬁnal per-
meate ﬂuxes obtained in all the experiments. de Oliveira et al.
(2012) ﬁltrated diluted passion fruit juice pretreated by centrifuga-
tion (17,000 rpm) and enzyme addition (300 ppm) with polyamide
hollow ﬁbre membranes of 0.3 lm of pore size, reporting a estab-
lished ﬂux value of 19.5 kg h1 m2 for the ﬁltration at 1 bar. This
value reported by de Oliveira et al. (2012) is a slightly higher than
the ﬂux obtained in this work when the juice was treated with
chitosan (sample S7, 15.2 L h1 m2). Many ﬁltration operation
conditions, as well as the quality of the juice fed in the system,
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ation conditions of our system is similar to those used by de Oli-
veira et al. (2012), we believe that the main factor that
inﬂuenced the obtained results was the quality of the juice used
as feedstock. de Oliveira et al. (2012) ﬁltrated juice with an initial
soluble solid content of 7.8 Brix, while our treated juice presented
a initial soluble content of 11 Brix. The lower soluble content ob-
tained by de Oliveira et al. (2012) is probable related with the ap-
plied dilution for the raw passion fruit pulp and the higher
centrifugation speed used in the juice pretreatment.3.3. Physico-chemical analyses of permeate samples
All microﬁltration experiments resulted in a yellow colour per-
meate with very similar visual characteristics.
Fig. 5 presents the characteristics of permeate samples accord-
ing to the ﬁltration time for the microﬁltration of the sample S4.
Fig. 5 shows that the data is randomly distributed around its aver-
ages, indicating that there are no trends or systematic errors dur-
ing the data collecting procedures. Moreover, the analysed
physico-chemical parameters do not change signiﬁcantly accord-
ing to the ﬁltration time, since the variances of each parameter
are small in comparison with the respective average values (Ta-
ble 2). This behaviour was observed for all the other samples.
Table 3 presents the physico-chemical characteristics of perme-
ate samples at some ﬁltration times (15, 60 and 180 min).
Results presented in Table 3 show that the microﬁltration pro-
cess was able to reduce turbidity, colour and viscosity of raw or
pretreated passion fruit juice samples. Microﬁltration process
was especially efﬁcient for the reduction of turbidity and colour
of the passion fruit juice. Percentage reductions of turbidity and
colour of the sample S7 were equal to 95% and 74%, respectively,
since the applied pretreatment (chitosan) already had reduced
these parameters. Considering a medium value for all the samples,Fig. 5. Physico-chemical characteristics of permeate samples according to the
ﬁltration time for microﬁltration of the sample S4 at 1 bar.
Table 2
Mean values and variances of the physico-chemical characteristics of the sample S4 accor
Variable
Turbidity (NTU) TSS (Brix)
Mean value 0.65 0.0403
Variance 0.169 0.00002the microﬁltration process reduced TSS content and viscosity at
22% and 57%, respectively.
An analysis of variance (ANOVA) with 95% of signiﬁcance was
carried out in order to check the variability of the physico-chemical
characteristics of the microﬁltrated passion fruit juice samples
according to the ﬁltration time and the applied pretreatment. Ta-
ble 4 presents the obtained p-values analyzing the inﬂuence of
the ﬁltration time and the applied pretreatment on the physico-
chemical variables of the microﬁltrated passion fruit.
The analysis of the ANOVA table (Table 4) shows that there are
no signiﬁcant differences between the characteristics of the per-
meate samples according to the ﬁltration time. Analysis of variance
indicated that there is no signiﬁcant difference between the phys-
ical chemical characteristics of the microﬁltrated juice regarding to
the elapsed time of microﬁltrations, indicating that the quality of
the permeate is constant from the beginning to the end of the
microﬁltration procedure. Moreover, the applied pretreatment
did no inﬂuence turbidity, colour and viscosity of the permeate
samples. A signiﬁcant difference regarding to the applied pretreat-
ment was detected only for the variable TSS. The TSS value of the
permeate obtained by the ﬁltration of the sample S1 is slightly
inferior of the other averages. This value probably inﬂuenced the
p-value of the variable TSS regarding to the applied pretreatment.
The ﬁltration of a sample without any treatment for suspended sol-
ids removal and depectinization may have resulted in the forma-
tion of gel layer in the membrane surface, decreasing the
porosity of the selective layer, retaining some components like sol-
uble sugars and vitamin C (Rai and De, 2009).3.4. Mathematical modelling of fouling
The equations proposed by Field et al. (1995) were adjusted to
the experimental data of permeate ﬂuxes of each microﬁltration
run. Table 5 presents the values of the root-mean-square deviation
(RMSD) between calculated and experimental ﬂux data for each
fouling model.
Results presented in Table 5 indicate that the predominant foul-
ing mechanism was complete pore blocking (n = 2) in the microﬁl-
tration of the sample S1. However, for this ﬁltration, RMSD values
are quite closed, indicating that all fouling mechanisms may have
occurred during the ﬁltration of the sample S1. For all the centri-
fuged and enzymatic treated samples (S2–S6), the best adjustment
was for n = 0, indicating that cake formation was the major fouling
factor. Similar results for depectinized passion fruit juice was
achieved by Jiraratananon and Chanachai (1996). This result was
also observed by de Oliveira et al. (2012) working with passion
fruit juice treated by centrifugation and enzyme addition. Nandi
et al. (2012) applied the Hermia model to describe the fouling
occurrences during the ﬁltration of centrifuged and enzymatic
treated orange juice obtaining the best linear adjust to the cake ﬁl-
tration mechanism. Barros et al. (2002) reported that cake forma-
tion (n = 0) was the major fouling factor during the ultraﬁltration
of enzyme treated pineapple juice with polysulfone hollow ﬁbre
membranes. Rai et al. (2007) also associated the ﬂux decline due
to the formation of a gel layer during the crossﬂow ultraﬁltration
of depectinized mosambi juice. The large content of soluble solidsding to the ﬁltration time.




Physico-chemical characteristics of microﬁltrated passion fruit juice samples.
Feed sample Time (min) Turbidity (NTU) TSS (Brix) Color (Abs 540 nm) Viscosity (cP)
S1 15 2.30 7.40 0.0480 1.38
60 1.22 7.50 0.0464 1.40
180 2.30 6.80 0.0543 1.37
Average 1.94 7.23 0.0496 1.38
S2 15 2.10 9.00 0.0182 1.40
60 3.40 8.90 0.0348 1.49
180 3.10 9.20 0.0364 1.45
Average 2.87 9.03 0.0298 1.45
S3 15 1.07 9.40 0.0474 1.49
60 2.58 9.30 0.0449 1.34
180 1.29 9.20 0.0914 1.64
Average 1.65 9.30 0.0612 1.49
S4 15 1.21 9.30 0.0558 1.56
60 2.45 9.40 0.0507 1.47
180 1.40 9.50 0.0465 1.43
Average 1.69 9.40 0.0510 1.49
S5 15 2.91 11.20 0.0507 1.34
60 1.09 10.30 0.0533 1.47
180 1.67 9.70 0.0532 1.47
Average 1.89 10.40 0.0524 1.43
S6 15 1.25 9.50 0.0344 1.34
60 1.43 10.00 0.0347 1.47
180 0.51 9.90 0.0302 1.47
Average 1.06 9.80 0.0331 1.43
S7 15 1.71 10.30 0.0567 1.53
60 1.10 8.50 0.0504 1.63
180 1.06 11.00 0.0740 1.49
Average 1.29 9.93 0.0604 1.55
Table 4
p-Values obtained from the analysis of variance (ANOVA) of the physico-chemical
variables of the microﬁltrated passion fruit according to the ﬁltration time and the
applied pretreatment.
Factor Variable
Turbidity TSS Color Viscosity
Filtration time 0.8523 0.6422 0.3446 0.6479
Pretreatment 0.1585 0.0012* 0.4318 0.3404
* Signiﬁcant at p < 0.05.
Table 5
Root-mean-square deviation (RMSD) between calculated and experimental ﬂux data












blocking (n = 2)
S1 0.1365 0.1246 0.1203 0.1174a
S2 0.3712a 0.5890 0.7328 0.8765
S3 0.4990a 0.7455 0.8821 1.0182
S4 0.9782a 1.4906 1.7398 1.9702
S5 0.4392a 0.5341 0.5847 0.6351
S6 0.9788a 1.4877 1.7017 1.8762
S7 2.4662 1.7716 1.6230a 1.7003
a The smallest RMSD for each experimental data block.
Fig. 6. Predicted ﬂuxes according to the best adjusted fouling model.
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micro or ultraﬁltration.
For the sample S7, the best adjustment was get when n = 1.5
(internal pore blocking), while the worst adjustment was for
n = 0 (cake formation). The chitosan treatment reduced turbidityand colour of raw juice at greater levels. This removal probably re-
duced the amount of large particles, minimizing fouling occur-
rences due to cake formation with the predominant incidence of
internal pore blocking.
Fig. 6 presents the calculated ﬂux points for each sample when
the best fouling model is applied. Comparison between Figs. 3 and
6 shows that experimental and calculated ﬂux data are similar.4. Conclusion
The chitosan addition showed to be a promising alternative for
the pretreatment of passion fruit juice, achieving the highest
reductions of colour and turbidity among all the evaluated
R.C.C. Domingues et al. / Journal of Food Engineering 121 (2014) 73–79 79pretreatments. Although enzyme addition is the most suitable pro-
cess for viscosity reduction, the chitosan addition also promoted
the reduction of the viscosity of passion fruit juice. The microﬁltra-
tion of the sample treated with chitosan presented the highest per-
meate ﬂux. However, all the proposed pretreatments presented a
positive effect on the permeate ﬂux for microﬁltrations.
The applied pretreatment did not inﬂuence the quality of the
obtained clariﬁed juice, except for total soluble solids. The microﬁl-
tration process was able to reduce colour and turbidity of the fed
juice, resulting in a visually clean product.
The Field model was suitable to describe major fouling mecha-
nisms during the microﬁltration of passion fruit juice. A slight pre-
dominance of total pore blocking was attributed to raw juice
microﬁltration. In centrifuged and enzymatic treated samples,
the best adjustment was observed for cake formation. For the
chitosan pretreated sample, internal pore blocking was found to
be the major fouling factor. This afﬁrms that pretreatment with
chitosan removes large particles and minimizes the cake and gel
layer formation during the microﬁltration of passion fruit juice.
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